use. However, changes in habitat use can also be forced by factors not related to trophic resources, such as the level of human disturbance (Riffell et al. 1996 , Taylor and Knight 2003 , Béchet et al. 2004 . The coastal line is probably one of the most disturbed environments due to human activities, especially in the case of sand beaches, which are heavily used by tourists (James 2000 , Lafferty 2001 ). For species that are facultative users of the coastal line, these human disturbances could produce changes in habitat use (eg avoidance of the coast when there are high disturbance levels) that should imply dietary changes.
The otter Lutra lutra Linnaeus, 1758 is a semi-aquatic predator that obtains virtually all its food in the water and can occupy a wide range of aquatic environments, including coastal ones (Kruuk 1995 , Chanin 2003 . In previous works (Clavero et al. 2004 (Clavero et al. , 2005a (Clavero et al. , 2006 we analysed spatial and seasonal changes in otter diet composition and habitat use in a coastal area in the southern Iberian Peninsula. In sandy coastal areas otter diet showed clear seasonal fluctuations, being based mostly on freshwater prey in summer, while in autumn and winter estuarine fishes were the dominant prey. Together with this seasonal variation in diet composition, an indirect measure of habitat use such as marking intensity suggested that otters shifted from using mainly coastal areas in autumn winter to exploiting more intensely stream reaches during spring and summer (Clavero et al. 2006) .
The main objective of the present paper is to analyse the relations of the seasonal changes in otter diet with the size of consumed prey in a sandy coastal area. We limited our analysis to the four main otter prey types in the area: grey mullets (Mugilidae), flatfish (Soleidae), eel Anguilla anguilla and red swamp crayfish Procambarus clarkii, which constitute more than 70% of the occurrences in otter faeces (spraints) (Clavero et al. 2004 ). Since our data on prey availability are hardly comparable, due to environmental heterogeneity in the area and differential detectability of each prey type (see Clavero et al. 2005b) , we limited quantitative prey surveys to eel populations in streams and coastal areas within the study sector. Some reasons to study specifically the eel are that it has been often cited as a favourite otter prey (eg Delibes et al. 2000) , it is effectively surveyed using fyke nets (Jellyman and Graynoth 2005) and it is the only important otter prey found both in estuarine and stream stretches within the study area (Clavero et al. 2005b) .
The specific questions related to the general aim of this paper are: (1) can seasonal changes in the occurrence of the different prey types be related to variations in the mean sizes of predated individuals? and (2) could these changes be reflecting shifts in habitat use?
Study area
The study was carried out in Tarifa (Cádiz, Southern Spain). The area comprises a coastal band that includes three main water courses: El Valle, La Jara and La Vega (Fig. 1) . These rivers are very small (only La Jara is longer than 10 km), thus suffering extreme seasonal changes following the typical Mediterranean climate cycle of autumn--winter floods and summer droughts. The coast is an almost continuous sandy beach where rivers form small estuaries with associated marshes. We collected otter spraints in four 600 m long transects located in the lower sections of the three studied streams (Fig. 1) . Two of these transects (numbers 1 and 3 in Fig. 1 ) were placed close to stream mouths, while the other two were placed within the streams' tidal-influenced sections. These tidal-influenced stretches are environmentally different from freshwater stream stretches, in which flow ceases during summers, and have different fish communities (Clavero et al. 2005b) . Among otter main prey, grey mullets and flatfish are exclusive of estuarine and lower stream stretches, crayfish is found only in freshwater stream stretches and eel is found in all three aquatic environments. For more information on the study area's characteristics see Clavero et al. (2004 Clavero et al. ( , 2005b .
Methods

Otter diet and eel survey
We studied otter diet through the analysis of spraints. We collected otter spraints bimonthly from December 1999 to December 2001, although spraint collection could not be performed in October 2001 due to heavy rains (see Clavero et al. 2006) . Spraint analysis followed standard procedures, as described in Clavero et al. (2004) . Results regarding diet composition were expressed as frequency of occurrence (FO, number of occurrences of a certain prey type divided by number of spraints analysed) (Mason and Macdonald 1986) . In order to estimate the original sizes of consumed prey, we measured key pieces (mouth bones and vertebrae for fishes and uropods for crayfish) with a calliper to the nearest 0.1 mm. To estimate original prey length from the size of key pieces we used the regression equations calculated by Prenda et al. (2002) for eels and for grey mullets and regression equations we calculated ourselves (unpublished data) for crayfish and flatfish. Original length of fish was estimated as total length, while that of crayfish was estimated as the distance from the tip of the rostrum to the tip of the telson (Correia 2001) .
Spatial patterns in eel density and size structure of eel populations were studied through passive trapping using fyke nets (Clavero et al. 2005b) . Fyke nets were set at night in five different transects ( Fig. 1 ) and two different mesh sizes (15 mm and 7 mm) were always used in pairs in each transect. Three of these transects were considered "coastal" (transects 1, 2 and 4 in Fig. 1 ), while the other two were considered "stream" transects. Captured eels were counted, measured and returned to the water. Eel surveys were performed in March, June and October 2001 and in May 2002.
Statistical analyses
To analyse FO values, we selected only those transects and surveys in which at least 10 spraints had been analysed (Table 1) . We studied the temporal variation in the FOs of the main prey types through one-way ANOVAs, using "month" as factor. In order to homogenise variances, we arcsine transformed FO data prior to analyses. Arcsine transformation ensured normality of the data set (Kolmogorov--Smirnov test: p > 0.05 for all four prey types). We performed the same analysis to test for temporal variations in the mean size of otter prey. The relationships between biPrey sizes and occurrences in otter diet 39 Fig. 1 . Map of the study area. Squares represent coastal transects where otter spraints were collected. Eel surveys were performed in coastal transects 1, 2 and 4, as well as in the two stream transects noted by circles. Table 1 . Number of spraints analysed in the different transects (codes as in Fig. 1 ) and months and number of individuals predated by otters whose original length could by estimated.
Number of spraints Individuals February  41  54  22  39  156  96  78  147  88  April  39  42  7  41  129  32  19  79  76  June  17  42  6  29  94  21  9  41  70  August  25  41  7  2  75  9  1  8  57  October  18  29  32  22  101  59  43  80  21  December  50  70  45  94  259  98  170  173  78   Total  190  278  119  227  814  315  320  528  390 monthly mean FO and mean size of the different prey types were analysed through Pearson's correlation analyses. Eel density was expressed as catch-per-unit-of-effort (CPUE), measured as individuals per pair of fyke nets (pooling captures for the two nets forming a pair). We analysed temporal and spatial variations in eel density and eel size through factorial ANOVAs, in which "month" and "location" (coastal-stream) were used as factors. CPUE data were log (x+1) transformed prior to analysis.
Results
Otter diet: frequencies and sizes
Along the study period we analysed 814 otter spraints and estimated the original sizes of over 1500 individuals belonging to otter's main prey types ( Table 1 ). The mean FO of grey mullets calculated averaging FO for each survey and transect, was 28.6%, while flatfish occurred as a mean in 27.2% of the spraints, eels in 37.9% and crayfish in 48.5%. Mean size of predated grey mullets was estimated to be 164 ± 97 (SD) mm, mean size of predated flatfish was 138 ± 42 (SD) mm, that of eels was 215 ± 77 (SD) mm and that of crayfish 69 ± 21 (SD) mm (Fig. 2) The frequency of occurrence of the four main prey types showed significant intra annual variations (grey mullets F 5, 30 = 2.9, p = 0.03; flatfish F 5, 30 = 3.0, p = 0.02; eel F 5, 30 = 3.4, p = 0.01; and crayfish F 5, 30 = 4.3, p = 0.005). The consumption of the three fish prey types peaked during autumn (October and December surveys), being minimum in August surveys. Predation on crayfish followed an opposite pattern, peaking in summer (June and August) and being minimum along autumn and winter (Fig. 3) . Mean sizes of predated individuals also changed along the year in the four analysed prey types (grey mullets F 5, 309 = 4.5, p < 0.001; flatfish F 5, 314 = 10.2, p < 0.001; eel F 5, 522 = 2.7, p = 0.02; and crayfish F 5, 384 = 59.1, p < 0.001). In this case, the patterns of variation were similar in grey mullets and flatfish, otter taking larger individuals in autumn and winter, but variation in consumed eel sizes was similar to that of crayfish's, with larger individuals being predated in summer months (Fig. 3) . 
Prey size (mm)
Frequency (%)
The bimonthly values of mean FOs and mean sizes of predated individuals were clearly associated in all four prey types (Fig. 3) , though there were two different and apparently contradictory patterns. High frequencies of grey mullets, flatfish and crayfish consumption occurred in periods in which larger individuals of these three prey types were consumed. However, larger eel individuals were consumed in those months in which importance of eel in otter diet was minimal.
Variation in eel densities and sizes
In the four different eel surveys a total of 113 fyke net pairs were used (42 in stream transects and 71 in coastal ones), resulting in the capture of 210 eels (39 in stream transects and 171 in coastal ones). Eels captured in stream stretches were larger than those captured in coastal transects at any time (Fig. 4a) . There was also a significant effect of month on the size of captured eels, which were larger in March and smaller in July. Eel density was very different between stream and coastal transects (Fig. 4b) , with mean CPUE being more than three times higher in coastal transects (2.3 ind. × net pair -1 as mean) than in stream ones (0.7 ind. × net pair -1 as mean).
Discussion
Otters are often considered opportunistic predators (Chanin 2003) . Though some works have found selective predation on certain fish species (eg Beja 1997), the relative contribution of different fish species or genera is usually closely correlated with their relative proportions in the field (Jêdrzejewska et al. 2001) . Otters have been also shown to use intensely some prey items that are only seasonally available, such as migrating salmonids (Carss et al. 1990) or reproducing amphibians (Lizana and Pérez-Mellado 1990, Weber 1990 ). However, it is often difficult to accurately asses prey availability, and therefore its seasonal changes, since different capture or censusing methodologies have diverse efficiencies regarding different prey types (eg Beja 1997). In our study area, fyke nets could be effective in surveying eel (Jellyman and Graynoth 2005) and crayfish (Gutiérrez-Yurrita and Montes 1999) populations (though the latter was not present near the coast), but they were of little utility for capturing grey mullets or flatfish (eg Hayes 1989) .
In the absence of data on prey availability, it could be argued that otters would shift to a certain prey item whenever more large individuals were available in the field, since the exploitation of these large individuals would become energetically rewarding. This pattern seems clear in the case of crayfish. In the Iberian Peninsula crayfish is more abundant and its populations feature relatively more large individuals during spring and summer, coinciding with high crayfish consumption by otters (Beja 1996a , Correia 2001 , Fidalgo et al. 2001 . During winter, when predation on crayfish remains relatively low, crayfish are less conspicuous due to reduced activity (Correia 1998) , and crayfish populations are composed mainly by juveniles (Correia 1995) . In these conditions it would not be profitable for otters to concentrate its foraging efforts on crayfish, resulting in the positive relationship between frequency of occurrence and size of crayfish.
The explanation of the prey frequency-prey size relationship is not so direct in the case of flatfish and grey mullets, since the seasonal patterns of availability of these species in Mediterranean estuaries have not been identified as clearly as that of crayfish in streams. It has been reported that during autumn and winter populations of some flatfish species in Iberian estuaries are dominated by large individuals, though these patterns were not homogeneous across species (Cabral 2000) . Also, there are some grey mullet species (eg Flathead mullet, Mugil cephalus) that spawn at sea during summer (Cardona 2000, Froese and Pauly 2003) , which should result in lower abundances of large individuals in estuarine areas in this season. Nevertheless, other species, such as thinlip Liza ramada or thicklip Chelon labrosus grey mullets spawn at sea during winter (Gómez-Caruana and Diaz--Luna 1991, Froese and Pauly 2003) , so large, mature individuals should be available in estuaries during summers.
An alternative explanation to the observed patterns would be related to the differential habitat use by otters. Clavero et al. (2006) showed that otters used the coast less intensively during spring and summer, moving preferentially to stream reaches. In these seasons otters would forage only occasionally in coastal areas, therefore disposing of less time to select certain prey items (eg large-sized individuals).
During winter otters would concentrate their foraging efforts on coastal areas, being able to effectively select more profitable prey (ie large fish). It should be noted that this explanation does not imply changes in otter diet due to differences in prey availability, but due to a temporal constraint related to changes in habitat use. The longer the time the otter spent in a certain habitat, the wider the spectrum of prey choice there would be.
The negative relationship between eel size and frequency of occurrence could also be explained by changes in habitat use. The reduction in eel abundance and the increase of mean eel size with increasing distance to the sea is a repeatedly reported pattern (eg Ibbotson et al. 2002 , Laffaielle et al. 2003 , also observed in the study area. Thus, if during spring and summer otters forage more intensively in stream reaches they would find less dense eel populations, but larger individuals than foraging in the coast in winter. These results would also imply that otters would not be especially selective towards eels as had been previously suggested, neither in terms of abundance (eg Kruuk 1995 , Delibes et al. 2000 , nor in terms of sizes (eg Topping and Kruuk 1996) , since frequency of occurrence and size of predated individuals changed in concordance with availability in the different exploited habitats.
Thus, changes in habitat use could potentially largely account for the observed relationships between prey frequencies and prey sizes. But what could lead otters to these seasonal changes in habitat use? One possibility is that otters showed a marked preference for crayfish in spring and summer, leading to a more intense use of stream reaches that would imply changes in the frequencies and consumed sizes of fish prey (as explained above). Crayfish has been previously considered a less rewarding prey than fish, due to reduced energy content and longer handling times (Beja 1996a) . But predators may concentrate foraging efforts on a low quality prey type, such as crayfish, whenever it becomes abundant enough to compensate for its low profitability (eg Noyce et al. 1997) . On the other hand, otters could leave the coast during spring and summer due to disturbances produced by tourism activities. However, previous works suggested that otters are not especially sensible to human disturbances (Mason and Macdonald 1986, Beja 1996b) . In fact, since tourism is a seasonal phenomena that changes in parallel with crayfish populations (peaking in spring summer), our data do not allow us to discriminate if the diet patterns respond to human disturbances or crayfish availability, or even to both factors acting synergistically. To investigate this issue, more specific research should be performed, ideally involving telemetry techniques and investigating the effects of variations in human disturbances, both seasonal and punctual (ie weekends, holidays), on otter activity and habitat use.
